A growing demand for blueberry fruit has necessitated the development of an efficient propagation method of this species that would provide large quantities of planting material. The aim of this study was to evaluate the effects of auxin indole-3-butyric acid (IBA 50 mg dm 
INTRODUCTION
The blueberry (Vaccinium corymbosum L.) cultivars available on the market were bred in the USA so the species is also known as the American blueberry. Because of the fruit's dietetic and health benefits (Strik 2006) , the plant is gaining popularity all over the world and its production is spreading in different countries. In Poland, blueberry is still considered a luxury product because of its high price due to a high labour and financial input in fruit production. However, demand for fruits on the Polish market is constantly growing and according to information from the Main Statistical Office, the blueberry yields in 2014 increased by nearly 10% relative to the mean production in [2006] [2007] [2008] [2009] [2010] . Also, the plantation surface keeps increasing, having reached 3000 ha in 2012. This growing demand for fruit necessitates a need to develop the most efficient propagation method for this species, as now the rooted cuttings of blueberry have to be ordered two years in advance. Commercially, blueberry is propagated by semi-lignified or soft wood stem cuttings as well as in vitro. Micropropagation is the most efficient method of mass production, and also allows for obtaining healthy and uniform plant material. The supporters of this method (Gomez and Smagula 1987, Read et al. 1989) are convinced that blueberry bushes obtained in vitro are more vigorous (El-Shiekh et al. 1996) . Studies like the ones described in this paper may result in a modification of the method of blueberry propagation that is cheaper than traditional ) on the in vivo rooting of microcuttings of Vaccinium corymbosum 'Bluecrop' and 'Duke'. To get an insight into the action of the auxin and its cofactor, the contents of chlorophyll a + b, soluble proteins, free amino acids, as well as total soluble and reducing sugars were also determined in the rooted cuttings. ), a mixture of both solutions (v/v 1:1) and water as the control treatment.
MATERIAL AND METHODS

Microcuttings
The cuttings were sprayed until the entire leaf surface was covered with a solution. This treatment was performed once, immediately after placing cuttings in boxes filled with the rooting medium. A hand pressure sprayer of 1 dm 3 volume was used. Percentages of rooted cuttings and the degree of rooting were determined three weeks after the start of the experiment. The degree of rooting was evaluated on a five-point scale rating the development of the root ball (Tab. 1). The percentage of rooted cuttings was also calculated; only cuttings with root systems within the scale range of 2-5 were regarded as rooted and counted.
For biochemical analyses, leaves from 20 cuttings per treatment from treated and untreated cuttings were collected at the end of the experiment (three weeks after the beginning of the experiment). They were finely chopped, mixed and 0.25 g samples were used for the measurements. Triplicate extracts were prepared for each analysis and three measurements were done for each extract, producing nine readings for each data point.
Total chlorophyll content (chlorophyll a + b) was analysed according to Lichtenthaler and Wellburn (1983) . Total soluble sugars were determined according to Dubois et al. (1956) , while the reducing sugars were determined using the colorimetric Somogyi method as modified by Nelson (1944) . Soluble proteins were determined according to the Bradford method (1976) and free amino acids according to Rosen (1957) .
Statistical analysis
To compare the means, percentages of rooted cuttings were transformed according to Bliss (Wójcik and Laudański 1989) , while the degree of rooting by root transformation: y = x 2 + (x + 1) 2 . All of the data were subjected to one-factorial ANOVA followed by Duncan's test at p = 0.05. The Statgraphics 4.1. program was used.
RESULTS AND DISCUSSION
Rooting of microcuttings
The statistical analysis showed significant effects of the treatments on rooting degree and the percentage of rooted cuttings in both blueberry cultivars (Figs Medium sized root system composed of 6-10 branched roots forming a root ball 4
Well developed, branched root system forming a root ball (over 10 roots) 5 1 and 2). The lowest rooting degree, 2.0, was found in the control, in untreated cuttings of 'Bluecrop' (Fig. 1) . In 'Duke' not only the control cuttings but also those treated with salicylic acid, alone or in combination with IBA, were poorly rooted, with a score of 2.6 in the five-point evaluation scale (Fig. 2) . In both cultivars the application of Rhizopon AA gave the best results -the root balls attained the value of 3.3 and 3.8 for 'Bluecrop' and 'Duke', respectively. The water IBA solution also improved the degree and percentage of rooting relative to the respective controls (Figs 1 and 2 ), while SA had no effect on the rooting degree. It has been widely recognised that changes in auxin concentrations within plants affect various aspects of plant growth and functioning (Wróblewska 2013) and using auxins to stimulate rhizogenesis is commonly appreciated (Khan et al. 2009 ). Here we show that the foliar application of the water IBA solution improved rhizogenesis in blueberry microcuttings rooted ex vitro. The highest rooting percentage in 'Bluecrop' (10% higher than in the control) was obtained after the application of the rooting powder Rhizopon AA. The high efficiency of this preparation has been confirmed by Pacholczak et al. (2012 Pacholczak et al. ( , 2013 on stem cuttings in ninebark (Physocarpus opulifolius 'Dart's Gold' and 'Red Baron') and dogwood (Cornus alba 'Aurea' and 'Elegantissima'). In 'Duke' the effects of Rhizopon AA and the water solution of IBA and SA were comparable (Fig. 2) . Rooting is affected not only by auxins but also by 
Biochemical parameters
To get some insight into the mechanism of the auxin IBA and salicylic acid action on metabolism during rhizogenesis, several organic compounds were determined in rooted blueberry microcuttings. The treatments significantly affected the contents of total soluble and reducing sugars, free amino acids and soluble proteins while the levels of chlorophyll a + b were unaffected (Tab. 2). An increase in chlorophyll was reported by Mshelmbula et al. (2015) Poór et al. (2011) in tomato. Denaxa et al. (2012) proved that the foliar application of IBA increased sugar content in olive plants. A high sugar level is evidence of efficient photosynthesis and is beneficial for plants as a source of energy for rhizogenesis (Sivaci 2006) . In blueberry, all the treatments increased the reducing sugar content while the levels of total soluble sugars were comparable. The highest increases in reducing sugars were observed in 'Bluecrop' after the application of Rhizopon AA, IBA and SA, by 45%, 45% and 32%, respectively, as compared to the control. The joint application of IBA and SA resulted in a smaller increase of 19% relative to the control.
In 'Duke' the reducing sugars increased due to treatments with Rhizopon AA and SA, by 17% and 34% relative to the control. Similarly, Ghasemzadeh and Jaafar (2012) reported an increase in carbohydrates after the treatment of ginger plants with salicylic acid.
Free amino acids are components of proteins and a material for various structures as well as precursors of different metabolites. Together with a high soluble protein level, their high content may indicate the juvenile phase of the cutting (Al Asbahi and Al Maqtari 2012). The lowest contents of free amino acids were determined in the control cuttings in both blueberry cultivars (Tab. 2). In 'Duke', the cuttings treated with the commercial rooting powder also had a low amino acid content. The highest increase in the level of these compounds occurred due to IBA application: by 25% and 113% in 'Bluecrop' and 'Duke', respectively, as compared to the controls. Somewhat lower amounts were found in cuttings treated with SA or SA + IBA, where the increase relative to the control was 20% and 16% in 'Bluecrop' and 65% and 52% in 'Duke', respectively. Ahkami et al. (2013) also observed a 30-40% increase in free amino acid contents in petunia cuttings treated with IBA. According to Lessufleur et al. (2007) , the high levels of free amino acids in plants positively affect the vitality of plant cells and their proper functioning. The lowest contents of soluble proteins were found in the control treatments of both cultivars as well as in 'Duke' after the joint application of IBA and SA. Other treatments increased the protein levels. As compared to the control, the foliar application of the water solutions of IBA or SA increased the protein content in 'Bluecrop' by 61% and 64%, respectively, and by 23% and 27% in 'Duke'. The presence of proteins in cuttings is important for rhizogenesis because ABP proteins (Actin-Binding Protein) are auxin receptors. Davies (2010) proved that the application of rooting stimulators increased the contents of soluble proteins in potato and tobacco. According to Fahad and Bano (2012) , the soluble proteins increased in corn due to a treatment with 10 -5 mol dm -3 SA. The above presented results may be a base for further research aiming to develop the most efficient propagation methods for blueberry (Vaccinium corymbosum L.). They show that it is possible to shorten the period of in vitro culture by transferring unrooted microcuttings to ex vitro conditions where their acclimatization occurs simultaneously with rooting.
CONCLUSIONS
1. Treatments with auxin IBA and salicylic acid improved rhizogenesis in blueberry microcuttings rooted ex vitro, increasing the rooting degree and the percentage of rooted cuttings.
2. IBA and SA increased the contents of reducing and total soluble sugars, free amino acids and soluble proteins in rooted blueberry microcuttings, but had no effect on the chlorophyll level.
3. While improving rhizogenesis in blueberry, salicylic acid did not perform as a cofactor of the auxin IBA.
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